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GEQLOGY OF THE ILIAMNA QUADRANGLE, ALASKA

SURFICIAL DEPOSITS OF THE
ILIAMNA QUADRANGLE, ALASKA

By Rosert L. DETTERMAN and Bruck L. REED

ABSTRACT

Burficial deposits, primarily of late Pleistotene and Holocene age, cover
about 60 percent of the [liamna guadrangle, which is in southwestern
Alaska, The deposits are thickest in the western part, where bedrock is most-
Iy covered, In the mountainous eastern part the surface is largely bedrock,
but unconsolidated surficial ‘materials oceur locally, The surficial deposits
are primarily the result of glaciation, with subsequent modification by glacio-
fluvial, lacustrine, and marine processes,

The oldest deposits are correlated with the Mak Hill Glaciation of early
Wisconsin age, The glaclers coalesced to form a piedmons lobe that covered
much of the guadrangle during the berein newly named Kukaklek Stade,
The deposits are found only on hilltops 600-1,000 feet above deposits of the
next glaciation in the western part of the guadrangle,

Most of the surficial materials, ag well as the present topography of the
gquadrangle, resulted from four stades of the Brooks Lake Glaciation that
are corvelated with the late (classicnl) Wisconsin Glaciation of the cone
terminous United States. During the two oldest stades, herein named the
Kvichak and Iliamna, the glaciers coaleseed to form pledmont lobes that
covered most of the quadrangle; Iliamna Lake and other large lake basins
were formed. The two youngest stades, Newhalen (new) and Iliuk, were
minor glacial advances of the alpine valley glacier type. Moraines of the
Iliuk Stade loeally divide lake basins into two parts,

Two stades of the Alaskan Glaciation, of Holocene age, are recognized in
the quadrangle, Glaciers of the Tustumena Stade advanced 1-3 miles from
the cirques, and locally three advances can be mapped. During the subsequent
Tunnel Stade the ice rarely advanced more than 1 mile beyond the cirque
threshold, The small modern glaciers are remnants of the Tunnel Stade,

Ihiamna Lake, originally dammed by a moraine of the Kvichak Stade, at-
tained its present size and shape when dammed by a morine of the Iliamna
Stade; it formed major terrace levels at above 40, 80, 100, and 130 feet
above the present lake level, The highest stand of water was about 150 feet
above the present level, Radiocarbon-dated beach deposits indicate that the
B0-foot level was formed at least B,520 years apo. An intermediate 53-foot
level wayg formed about 5,520 years ago.

Elevated marine beach deposits and wave-cut bedrock platforms along
the west coast of Cook Inlet indicate that the coast is rising. Radiocarbon-
dated material from one locality at Kamishak Bay suggests that the rate of
uplift is about 2 feet per century.

Al
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A2 GEOLOGY OF THE ILTAMNA QUADBANGLE, ALASKA

INTRODUCTION

The first recorded exploration of the Cook Inlet area was by
Capt. James Cook in June 1778. Capt. Nathaniel Portlock and
Capt. George Dixon visited the area in 1786, and Capt. George
Vancouver in 1794. A Spanish expedition under Li. Ignacio
Artega and Don Francisco Maurelle came in 1779. The Russians
were also early visitors in the area. Peter Doroshin and Capt.
Archimandritov mapped parts of Cook Inlet in 1848-53; they
were the first to note, in 1853, the oil seepages on what is now
the Iniskin Peninsula., Russian missionaries were active, also,
during the 1800’s and the Russian Orthodox faith ig still the major
religion of the native population.

Part of the THamna quadrangle was progpected for gold, silver,
copper, and petroleum during the period from 1893 1o 1910. Many
claims and leases were issued, but all proved to be uneconomical
and most activity had stopped by 1915. Mapping by the Geo-
logical Burvey and exploration by private industry have renewed
interest in the area. Several iron ore occurrences were staked in
1964, The main potential for the area, however, lies in its recres-
tion possibilities,

LOCATION AND ACCESSIBILITY

The area described in this report comprises the Iliamna quad-
rangle (1:250,000) at the base of the Alaska Peninsulan (fig. 1)3
it contains 7,310 sguare miles, of which about 2,650 square miles
is covered by the water of Cook Inlet, Iliamna Lake, and other
large lakes, Anchorage is about 125 miles northeast of the quad-
rangle, Homer about 50 miles east, and Xing Salmon about 50
miles southwest. A few square miles along the southeast edge of
the gquadrangle i8 included in the Katmai National Monument,
The Valley of Ten Thousand Smokes i8 50 miles to the south.

Iliamna Lake occupies the central part of the quadrangle; it is
80 miles long and averages about 12 miles wide. This is the gecond
largest natural fresh-water lake entirely within the confines of the
United States; it has 1,088 square miles of surface area, 260 miles
of shoreline, and is-as much ag 1,192 feet deep. Other nearby large
lakes include Kukaklek, Nonvianuk, Battle, Gibraltar, Kakhonak,
Lower Taziming, and Sixmile, In addition, there are many smaller
lakes and myriad glacial ponds from a few hundreds of feet to
several miles in length.

The gquadrangle is readily accessible by both air and water
transportation. A scheduled airline makes regular stops at
Iliamna, and there are seven landing strips for light wheeled
planes. Small float planes can land on many of the numerous small
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Ad GEOLOGY OF THE ILIAMNA QUADRANGLE, ALASKA

lakes, ponds, and rivers throughout the area. Fishing boats visit
many of the bays along Cook Inlet, but there is no scheduled water
transportation service at present. A dock, on the west side of
Cook Inlet, for the Alaska State ferry system and a road across
the quadrangle to King Salmon are under consideration. Fishing
boats make the trip from Iliamna Lake to Bristol Bay by way of
the Kvichak River.

There are two usable gravel roads in the quadrangle: both are
used mainly for the movement of supplies between Cook Inlet and
the inland villages. The road between Pile Bay Village and Wil
liamsport is part of the State highway system; it is open and
maintained between late May and early October. The other road
goes from Iliamna to Nondalton on Sixmile Lake; only the first
3 miles between Iliamna and the Iliamna airport is maintained.
A road on Iniskin Peninsula is no longer usable,

PREVIOUS INVESTIGATIONS

Part of the lliamna quadrangle had been mapped prior to the
present investigation, but aboiut half of the area had never been
studied. The surficial deposits, in particular, had received only
slight attention from early investigators, The first known report
was by Martin (1905), who visited Ol Bay in 1908, while drilling
for petroleum was in progress. The following year Stanton and
Martin (1905) returned and measured some of the many well-
exposed sections of Jurassic sedimentary rocks exposed at Iniskin,
Oil, and Chinitna Bays, The report of the 1909 survey by Martin
and Katz (1912} contains the most complete and detailed account
of the Iliamna region prior to the present investigation. Their
map covers the northeast third of the quadrangle and includes all
the areas in which claims or leases for gold, silver, copper, or
petroleum had been issued; this report supplemented the rather
brief account of the survey published earlier by Martin and Katz
(1809),

Insofar as is known, there were no investigations in the area
between 1909 and 1921, when Moffit (1922, 1927}, A. A. Baker,
and Gerald Fitzgerald mapped the Inigkin Peninsula and adjoin-
ing areas to the north, Shortly after their work, Mather (1923),
accompanied by R. H. Sargent, mapped a small area near Kami-
shak Bay.

The Iniskin Peninsula was mapped in considerable detail start-
ing with the work of Kellum (1945) and Helmuth Wedow, Jr., in
1944, and continuing with Kirschner and Minard (1949), Imlay
(1953, 1959, 1961, 1962a, b, 1964), Don J. Miller, Hartsock
(1954), Arthur Grantz, and Juhle (1955). The work on Iniskin
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SURFICIAL DEPOSITS Ab

Peninsula and the area to the north was completed in 1958 by
Robert 1. Detterman (1963}, and the final report was prepared
by Detterman and Hartsock (1966).

Between 1944 and 1958 most of the effort by the 1.8, Geological
Survey was concentrated in the coastal region north of Iniskin
Bay, where there are many fine exposures of marine Jurassic
rocks. However, a few small field parties concerned mainly with
gpecific mineral resources were working in the Tiamna quad-
rangle. One of the areas investigated was the pumice deposit on
Augustine Island (Moxham, 1951), At about the same time Mox-~
ham and Nelson (1952) did a irace-element study along the
shoreline of THamna Lake, and the U.B. Bureau of Mines did some
work on the Millett cooper prospect on the north side of Tliamna
Lake (Rutledge and Mulligan, 1952). Muller and Coulter (1953)
did a brief survey of the Iliamna road for the Department of the
Army in September 1953,

PRESENT INVESTIGATIONS

The investigations that led to this report were an outgrowth of
the detailed studies made on Iniskin Peninsula and adjacent area
to the north. The fieldwork started in 1961 when R. L. Detterman
and Roger A. Hope studied the coastal mountain ares between
Iniskin Bay and Amakdedori and including Augustine Island.
B. L. Reed joined the project in 1862 ; Reed and Douglas McDowell
mapped part of the Iliamna Lake shoreline as well as the shore-
lines and adjacent areas of Kakhonak, Gibraltar, and Battle Lakes
during that summer by skiff. Most of the mapping in the quad-
rangle was done between 1963 and 1967 by Detterman and Reed
using a combination of small fleat-equipped airplane, helicopter,
and skiff; they were assisted by C. E. Bickel in 1963 and 1964,
Travis Hudson in 1965 and 1966, and John Erfurth in 1967.

Results of some of the topical studies conducted during the in-
vestigation have been publighed, ag well a8 some preliminary maps,
The topical studies include age dating by both radiocarbon and
potassium-argon methods (Detterman, Reed, and Rubin, 1965;
Detterman, Reed, and Lanphere, 1965: and Reed and Lanphere,
1969) as well as spectrographic analysis of stream sediment and
mineralized bedrock samples (Detterman and Reed, 1965; Reed
and Detterman, 1965, 1966 and Reed, 1967). Several preliminary
maps have been published (Detterman and Reed, 1964, 1967,
19683, A short account of the voleanic activity on Augustine
Island was prepared by Detterman (1968). The State of Alaska
conducted a survey of the Paint River area in 1963 (Richter and
Herreid, 1965).
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AB GEOLOGY OF THE ILIAMNA QUADRANGLE, ALASKA

Contacts between the surficial deposits shown on plate 1 were
mapped chiefly from aerial photographs, supplemented by field
observations.
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GEOGRAPHY
PHYSBIOGRAPHY

The topography of the quadrangle js extremely varied. Four
major physiographic divisiong are rvepresented (Wahrhaftig,
1965): the Alaska Range (southern part), Aleutian Range,
Nushagak-Bristol Bay Lowlands, and Nushagak-Big River Hills
(fig. 2).

Alaska Raonge—Rugged precipitous mountaing, deep glacially
gearred valleys, and abundant bays along the coast characterize
the southern part of the Alasks Range in the guadrangle. This
section contains the highest mountain, North Twin (7,702 {t),
and has local relief of 2,000-5,000 feet. The peaks are commonly
horns that are separated by arétes which are locally worn down
to form eols. Most of the fiordlike bays have cols at their heads
which lead into the interior. The valleys are for the most part
broad, U-shaped, and have truncated spurs and many waterfalls
from hanging tributaries.
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SURFICIAL DEPOSITS AT

The mountaing rise abruptly 2,000-3,000 feet above Cook Inlet
without bordering coastal plains, and they form a climatie barrier
between the sea coast and the interior. Numerous small glaciers
are present in this part of the guadrangle, and the area was
heavily glaciated during the Pleistocene Epoch.

Aleution Range~—~The Aleutian Range in many respects is
similar to the Alaska Bange but ig less rugged. The mountains are
more rounded and lower, local relief of 1,000-~3,000 feet, and
generally lack the deep U-shaped valleys characteristic of the
Alaska Range, The division between these two great mountain
ranges was made at the ouly logical spot by Wahrhaftig (1965)
the Bruin Bay pass is the only major break in the chain between
Anchorage and the Port Moller area, near the end of the Alaska
Peninsula, a distance of over 600 miles,

The mountaing, for the most part, are several miles inland
from the coast and rise gently above the surrounding lowlands.
Valleys are broad and open, and most are choked with glacial
debris, This part of the quadrangle was heavily glaciated also,
but much of the debris still remains in the valleys, in contrast to
the Alaska Range, where most of the glacial drift was carried
out of the mountaing by the glaciers and subsequent glaciofluvial
action,

Nushogak-Bristol Bay Lowlands~The ares around the west
end of Tliamna Lake iz in the Nushagak-Bristol Bay Lowlands.
This ig a monctonous nearly level plain that slopes gently south-
west toward Bristol Bay. It contains sbundant swamps and lakes
and has a few hundred feet of maximum relief. The area is almost
entirely underlain by surficial materials with only a few bedrock
hills southwest of Kukaklek Lake, These low rounded hills ave the
highest topographie features in this part of the guadrangle; the
highest point is 1,872 feet.

Nushogalk-Big River Hilla.—The northwestern part of the quad-
rangle falls into the Nushagak-Big River Hills physiopraphie
divigion. This is an area of low rolling hills separated by wide
shallow valleys choked with abundant glacial debris, Locally the
relief is as much as 2,000 feet near Groundhog Mountain, but for
the most part is between 500 and 1,500 feet. Most of the area is
an upland surface that stands 600-1,000 feet above the lowlands
around IHamna Lake. This upland is formed mainly of glacial
debris from the Alasks Range to the northeast. Low rounded hills,
mainly of Tertiary volcanic rock, rise above this surface.

CLIMATE

Several well-defined climatic zones are formed in the quad-

rangle, primarily by the orographic effect of the coastal mountaing
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Zone 1

T B

Fugone 8otontinged,

{Mitchell, 1958} which give the ares bordering Cook Inlet a sub-
polar marine cimate charvacterized by abundant rain and fop
with mild tempersture (g, 83, West of the mountaing the dry
cold continental-type climate of interior Alsska iz morve in evi-
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dence, except in the southwestern part of the quadrangle where
storms coming in from the Aleutian Islands modify the weather

still further.
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F1cURE 3.~-Precipitation, temperature, glaciers, and permafrost zones
of the Iliamna quadrangle, Alaska. Long-dashed line is isohyet, line
of equal precipitation, in inches (from Watson, 1959, and Wahrhaftig,

1965). Short-dashed line is isotherm, mean daily maximum temper-

ature, in degrees Fahrenheit, for July (from Watson, 1959). Dotted

line, isotherm, mean daily minimum temperature for January (from

Watson, 1959). Shading shows existing glaciers. Permafrost zone

boundary from Hopkins, Karlstrom, and others, (1955, fig. 11).
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All

Rainfall in summer and snowfall in winter are extremely heavy
in the northeastern part of the quadrangle (fig. 3). This is at
least in part due to the cooling effect of the glaciers around
Hiampa Voleano on the moisture-laden air coming up Cook Inlet.
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Al2Z GEOLOGY OF THE ILIAMNA QUADRANGLE, ALASKA

West of the coastal mountains the amount of precipitation de-
creases rapidly to less than half of that received along Cook Inlet.
The temperature inland is correspondingly warmer in summer
and colder in winter than along the coast, where the almost con-
stant cloud cover exerts a modifying influence. Low barometric
pressure centers with accompanying storms from the Aleutian
Islands sweep up Bristol Bay and across the area of the quad-
rangle from early July through December, During the early part
of the year the quadrangle is more under the influence of the cold
dry air associated with high pressure areas coming in from the
north.

Modern glaciers are confined to the high precipitation avea in
the northeastern part of the gquadrangle. Most are small except
for those coming from [liamna Velcano, just off the northeastern
corner of the map, and most are stagnant. Except for those on
Iliamna Voleano, all the glaciers are on northwest-facing peaks
and have an indicated firn line of about 8,500 feet,

VEGETATION

In response to the many climatic factors, vegetation within
the guadrangle is highly variable. Bix vegetational zones can be
mapped (fig. 2), ranging from rain forest typieal of the south-
eastern coast of Alaska to tundra-covered aveas like those of the
far north.

Zone 1, found only in the northeastern part near Chinitna,
Iniskin, and Uiamna Bays, is heavily forested with a mixture of
Sitka spruce (Picea sifchensis) and black cottonwood (Populus
trichocarpa) forming the upper story and a dense undergrowth
of red alder (Alnus rubra) and willow (Saliz sp.) below. Balsam
poplar (Populus balsamifera) is found locally. Devilsclub (Oplo-
pangr horridus) is ubiquitous amongst the brush cover as are
ferns; fire weed (Epilobium angustifolium) and numerous grasges
grow in open areas within the brush cover,

Zone 2 is found locally throughout all but the extreme mnorth-
eastern part of the quadrangle; it is similar to zone 1, but the
spruce is mainly white {Pieen glouca) or mixed with black (P.
marione) and there are a few aspen {(Populus tremuloides) and
birch (Betule papyrifera) mixed with the balsam poplar. The
forest and brush cover is less dense than in zone 1 partly owing
to the decrease in rainfall,

The spruce forest of zone 3 forms well-defined areas throughout
the quadrangle wherever favorable elimatic conditions exist. Hop-
king (1959) demonstrated that the spruce forest in Alaska is
limited to areas having at least 130 “degree days” per year when
the temperature reaches or exceeds 50° F. The spruce forest is

EPA-7609-0003343_0019



SURFICIAL DEPOSITS Al3

mainly a mixture of white and black spruce, although pure stands
of both types are found locally. The white spruce prefers well-
drained gites on hillsides and on gravel terraces along streams,
whereas the black spruce is on poorly drained sites underlain by
thick peat layers and fine-grained seils, which is typical of the
taiga of interior Alaska. The spruce forest is more open than the
mixed forest, and dwarf birch (Betula nana) along with alder
and willow form the major elements of the undergrowth.

Aress where trees and brush are just starting to grow are
mapped as zone 4. The trees are mainly spruce, but include
oecasional cottonwood and willow along some of the streams. The
willows are commonly almost of tree size, 4-6 inches in diameter
and 80 feet tall.

In zone 5 alder (Alnus spp.) is the main element of the dense
brush unit which reaches its greatest development in coastal areas,
where it forms a solid mat from sea level to about 1,000-1,200
feet, Willow is commonly found along streams in this zone, but
the steep mountainsides are almost exclusively covered with alder.

The barren ground, mapped as zone 6, is actually a combination
of several plant communities, as well ag bare rock surfaces. Tundra
plant communities, mixtures of shrub and herbaceous plants,
occupy most of the western part of the quadrangle above {imber-
line. The shrubs are mainly dwarf birch and heath (Erico spp.),
and the herbacecus plants include sedge (Cares aguatilisy and
cotton grass (Evriophorum. sp.) tussocks. Willow and alder are
also components of the shrub community, which is eonfined to the
better drained areas of the tundra region. Poorly drained regions
underlain by fine scils support only the herbaceous plants and
grasses. Strandline plants, mainly salf grass, are found along the
shore of Cook Inlet. Lichen and moss form the main cover for the
higher mountains.

The Niamna quadrangle was extensively glaciated during the
Pleistocene, and all areas below present timberline, 800-1,200 feet,
were covered by ice. Consequently, the forests are still in the
process of reestablishing themselves in the area, A comparison of
figure 2 {this report) with plate 4 of Martin and Katz (1912, ».
16) will show that the forested areas have increased in size and
that the tree line has migrated considerably to the west during
the past 8060 years. There have been very minor changes in the
forested areas along Cook Inlet in the same pericd; this may be
due in part to the dense brush cover choking out tree seedlings.
Cottonwood is the first of the trees to be established in areas of
heavy brush, and it has invaded Iliamna Bay and Cottonwood Bay
as well as a few small areas along the Kamishak and Douglas
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Rivers. Probably the main reason for the more rapid expansion
of the forests to the west is that during the period from May to
September, when the trees drop their seeds, the dominant wind
direction is from the southeast. This is the only acceptable expla-
nation, as there is practically no difference in temperature, pre-
cipitation, or soil conditions between adjoining forested and
unforested areas,

Numerous small flowering plants, berries, ferns, and grasses
compose the ground cover throughout the area, The greatest pro-
fusion of the smaller plants occurs west of the coastal mountains,
including the tundra areas which are covered by caribou lichen
(Cladonia rangifering). No attempt was made to identify the
smaller plants systematically, but the list probably would include
several hundred species.

S0OILS

Soil formation and development largely dates from the close of
the Wisconsin Glaciation, when glaciers covered most of the quad-
rangle. The soils were not specifically investigated during the
fieldwork, but some profiles were obtained when test pits were
dug to gather material for carbon.-14 analysis, These pits were
largely confined to beach ridges and terraces along Iliamna Lake
and to marine terraces along Cook Inlet: therefore, the soil pro-
files may not be applicable to the entive quadrangle.

The profiles investigated were all podzol soils, and all show one
or more inferruptions by marine or lacustrine transgresgion with
subsequent: development of new soil profiles. One of the more
complete profiles was exposed in a sea cliff 4 miles northeast of
the mouth of Bruin Bay. The section was as follows:

Podzol,

A, 6 inches dark-brown loam, somewhat fibrous; containg many
roots; overlain by %-inch white voleanic ash layer,

Ay, 1-inch black organic humus layer,

As, 11 inches light-vellowish-brown sandy loam; some root frag-
ments.

B.,-6 inches light-brown sandy loam; numercus wesakly cemented
fragments,

B, 20 inches light-tan to yellowish-gray silty sand to sandy loam,
{riable,

C, 804 inches yellow coarse beach sand,

This soil profile overlay a much condensed profile resting on
about 60 feet of sand and gravel of an old beach deposit.

The white voleanic ash layer overlying the A, horizon is a
feature common to all areas investigated; it is from the 1912
eruption in the Mount Katmi area and ranges in thickness from
about 4 inches in the Kamishak Bay area 10 less than one-fourth
inch in the northwestern part of the quadrangle.
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PERMAFROST

Permafrost or perennially frozen ground is present at a few
localities in the Iliamna guadrangle. Most, if not all, is a relict
of former periods of glaciation when the temperature was lower.
The guadrangle falls primarily in the zone of sporadic permafrost
(fig. 8), as defined by Hopkins, Karlstrom, and others (1955).
The coastal region is in the permafrost-free zone,

In the sporadic permafrost zone, perennially frozen ground is
most likely to be found in areas underlain by fine-grained sedi-
ments, particularly if they have a high organic content or are
covered by a thick mat of peat and moss. Permafrost is most likely
to be found in the loess-covered deposits of the Mak Hill Glacia-
tion, the proglacial lake deposits at the west end of Iliamna Lake,
and the fine-grained outwash deposits near the outer edge of
outwash plains.

The presence of tundra vegetation is not necessarily a eriterion
for permafrost in the quadrangle, but a cover of sphagnum mosses,
sedge, and cottongrass may indicate the presence of frozen ground,
28 these plants grow mainly in poorly drained swampy areas.
Thin lenticular masses of ice are present in the forested areas
bordering Kakhonak and Meadow Lakes and are probably present
elsewhere in forested areas; these may be relict masses protected
by & thick laver of moss.

An average mean temperature of less than 82° F is required
for the formation of permafrost. The temperature within the
guadrangle is highly variable, but from the few weather records
available a mean temperature of 85°-86° F is indicated. This is
marginal to the preservation of permafrost, although isolated
microclimates may exist where it can form under present condi-
tions or at least maintain previously formed features.

Relict permafrost features are most common in the northwest-
ern part of the quadrangle along Kaskanak Creek and the Stuya-
hok and Koktuli Rivers. This part of the area is subjected to cold
continental-type alrmasses with low winter temperatures (fig, 8).
Remmants of both high;- and low-center ice-wedge polygons are
found along the Stuyahok River (fig. 4), and a few frost-crack
polyvgons form on the glaciofluvial deposits. Frost-erack polvgons
generally form in coarse materials and do not necessarily indicate
permafrost at depth. The Stuvahok River still retaing many char-
acteristics of a stream in perennially frozen ground, such as
sharply angular changes in direction owing to melting along
edges of polygons, and numerous small pools that are relict
beaded drainage formed at intersections of polygons. Beveral of
the lakes in the swampy areas show the characteristic serrated
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banks of thermokarst lakes, and oxbows formed by cutoff mean-
ders are locally enlarged by melting,
SETTLEMENTS AND POPULATION

The quadrangle has a population of about 500, nearly all of
whom live in or near seven small villages, Nondalton on Sixmile
Lake is the largest settlement. The others are Iliamna, Newhalen,
Pedro Bay, and Pile Bay ‘on the north shore of Uiamna Lake;
Kakhonak on the south shorve; and Igiugig at the outlet of lliamna
Lake, Most of the quadrangle, including all of the Cook Inlet
eoastline, is uninhabited.

The population, about 75 percent native, belongs to two major
linguistic groups. One, Kialagmiut Eskimo, comprises Newhalen,
Igiugig, and Kakhonak; the other, Tanaina Indian, 8 subgroup
of the Athapascan, comprises Nondalton and Pedro Bay (Wun-
nicke and others, 1968). A few Aleuts and the white population
are scattered throughout the villages, Historie village sites include
Kaskanak, Nogeling, Chekok, and Kakhonak on Iliamna Lake,
Ashivak and Amakdedori on Kamishak Bay, and old Iliamna on
the iamna River:

SUMMARY OF BEDROCK GEOLOGY

As the bedrock geology of the Iliamna guadrangle will be the
subject of another report, the various bedrock units will only be
briefly mentioned here. A map showing bedrock geology has been
open filed (Detterman and Reed, 1968},

Areas of bedrock are mainly confined to the mountainous east-
ern part of the quadrangle. Unconsolidated surficial materials
mantle most of the western part, but bedrock is exposed on gome
of the higher hills. In many places the surficial mantle is thin and
the bedrock can be assumed, but for the purpose of the geologic
map (pl. 1) these areas are shown as surficial depogits.

The oldest rocks exposed belong to an unnamed metamorphic
unit of Permian and (or) Triassic age. These rocks oceur as small
roof pendants composed of amphibolite, quartz-mica achist, garnet
schist, chlorite schist, quartzite, phyllite, and marble within the
intrusive complex that forms the core of the Chigmit Mountains.
A migmatite zone is present locally between the metamorphic and
intrusive rocks. The intrusive rocks are granitic and dioritic and
were emplaced during the Early and Middle Jurassig, Late Creta-
ceous, and middle Tertiary (Reed and Lanphere, 1969).

Late Triassic sedimentary and extrusive rocks and Early Juras-
sic extrusive rocks are found on both the east and west flanks of
the mountains, An unnamed greenstone unit, an unnamed white
to light-gray limestone, and the dark-gray limestone, varicolored
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chert, and shale of the Kamishak Formation make up the Late
Triasgic rocks. The Early Jurassic rocks are mainly flows, vol-
canic breccias, agglomerates, and tuffs of the Talkeetna Forma-
tion.

Rocks along most of the Cook Inlet shoreline consist of gently
dipping graywacke, sandstone, conglomerate, silistone, arkose,
and shale of Middle and Late Jurassic age. All marine and abun-
dantly fossiliferous, they comprise the Tuxedni Group and the
Chinitna and Naknek Formations. They are separated from the
older, more highly deformed Mesozoic rocks by the Bruin Bay
fault—a major high-angle reverse fault on the Alaska Peninsula.
Four small outerops of sandstone and shale of the Late Creta-
ceous Kaguyak Formation are present along the south edge of
the area near Kamishak Bay.

Tertiary extrusive rocks are exposed in scattered outerops
throughout the western part of the guadrangle. These are mainly
flows, breccias, tuffs and welded tuffs of andesitic to basaltic com-~
position. In a few small areas, Tertiary conglomerate, sandstone,
and shale are interbedded with the volcanic sequenze.

Pleistocene and Holocene voleanic rocks form Augustine Island,
and a few small flows of ‘similar age that issued from Iliamna
Voleano are present in the northeast corner of the quadrangle.

PLEISTOCENE GLACIAL DEPOSITS

Deposits formed by Pleistocene glacial action are far more
extensive than those formed during the Holocene, when glaciers
were confined to the higher mountains in the eastern part of the
quadrangle. Most of the deposits were formed by four major
Pleistocene advances that can be correlated by position, morph-
ology, radiocarbon dating, and topographic expression with four
advances of the late (classical) Wisconsin Glaciation that have
been mapped elsewhere in Alaska. The sequence of {classical)
Wisconsin deposits in the quadrangle is exceptionally complete
and provides an excellent tie between those around Naknek Lake
{Muller, 1953) and those on the east side of Cook Inlet (Karl-
strom, 1853, 1957, 1960, 1964), This period of glacial activity is
termed the “Brooks Lake Glaciation” (Muller, 1953; Defterman,
Reed, and Rubin, 1965). The individual stades arve named to facili-
tate their discussion; they are, from oldest to voungest: Kvichak,
liamna, Newhalen, and Thuk.

Glacial deposits older than those of the Brooks Lake Glaciation
are Tound on hilltops at several localities in the western part of
the quadrangle. The general character and position of these de-
posits suggest that although somewhat older than the Brooks Lake

EPA-7609-0003343_0025



SURFICIAL DEPOSITS Al9

they are probably still part of the Wisconsin Stage. Their exact
age has not been determined, but we consider them to be equivalent
to the Mak Hill Glaciation (Muller, 1958), which we believe to be
of early Wisconsin age.

MAK HILL GLACIATION, KUKAKLERK STADE

Drift of the Mak Hill Glaciation is best preserved on upland
sutrfaces and hilltops west of Kukaklek Lake. All the deposits ap-
pear to have been deposited by one advance, here called the Kuka-
klek State after the lake. The type locality is designated the
morainal hills 8 miles west of the outlet of the lake.

The group of hills along the wegt side of the quadrangle between
the Koktuli River and Kaskanak Creek also contains some fairly
well preserved deposits of this advance. At both localities the drift
is 200600 feet higher than, and several miles in front of, the
nearest Brooks Lake moraine. Several other deposits of poorly
preserved drift are mapped as part of this advance. Most arein
the Koktuli River valley and between Kukaklek and Nonvianuk
Lakes, and a small one lies just south of the west end of Tliamna
Lake. All e above or beyond the margin of the well-defined first
advanee of the Brooks Lake Glaciation.

Morainal deposits.—Moraines of the Kukaklek Stade are con-
siderably modified and subdued, but locally the lobate end moraine
can still be identified. Morainal ridges are not as sharp and dis-
tinet as those of the Brooks Lake Glaciation, but have, instead, a
characteristic flat-topped appearance {fig. 5) due in part to mass
wasting and in part to a thin loess cover. Kettle basing are mainly
drained or filled with sediment and vegetation: the deeper ones
still contain water, but scarps cut into the bordering moraine
show that they were once much larger. Surface drainage is mod-
erately well integrated, hbut all stream wvalleys now contain slug-
gish meandering underfit streams, and in general the morainal
areas are swampy and poorly drained, The drift contains much
gilt- and clay-size material,

Terraced and modified moraingl deposits~—Modified morainal
deposits of the Kukaklek Stade generally lie several miles behind
the morainal front; most occur south of Kukaklek Lake and along
the Koktuli River. Most were probably deposited as ground mo-
raine, as they are behind the morainal front and ground moraine
topography can be identified locally. The deposits were modified
primarily by running water during the melting of the Kvichak
Stade of the Brooks Lake Glaciation, The topography was further
subdued by loess deposition at the same time. Abundant silt was
available in the braided stream channels during winter months
and was deposited as loess whenever the wind blew. The result
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moraine are mapped as abandoned-channel deposits. The bottom
of each channel is usually flat where it does not contain a modern
stream, and where streams are present, they are obviously under-
fit. The channels range in width from about 200 feet fo three-
quarters of a mile. The deposits in them are mainly stratified
gravel and sand with lenses of silf; cut-and-fill structures are
common. The top layer is generally silt that probably was carried
into the channel from the loess mantle after the channel was
abandoned,

Age~—The Kukaklek Stade is not dated radiometrically, but an
indication of the age can be obtained indirectly from other areas.
It is clearly older than the late (classical) Wisconsin deposits of
the Brooks Lake Glaciation. Furthermore, the Kokaklek deposits
are mantled with a thin layer of silf or loess {(not mapped) which
is yvounger than the moraine, A similar loess deposit covering
similarly modified moraines in the Kotzebue Sound area has been
dated as >84,000-38,000 years by McCulloeh, Tayior, and Rubin
(1985), who considered it to represent a Wisconsin glacial event
and clearly younger than the Sangamon. Karlstrom (1980, 1964}
also presented evidéence from the Kenal Peninsula for a glacial
advance prior to the (elassical) Wisconsin but still within the
Wisconsin Glaciation. We believe the Kukaklek State is part of
this same early Wisconsin Glaciation.

BROOKS LAKE GLACIATION

The Brooks Lake Glaciation (Muller, 1953} was named after
Brooks Lake, 30 miles south of the Ilamna quadrangle in the
Katmai National Monument, Muller recorded two stades of the
Brooks Lake Glaciation at the type area, and several additional
push moraines indicate minor fluctuations, In the Iliamna quad-
rangle four main stades can be distinguished, each containing
one or more recessional moraines. Some of the recessional mo-
raines may be minor push moraines, indicating some forward
movement during the general recession of the glacier fronts,

The stades are named, from oldest fo youngest, Kvichak;
Iliamna, Newhalen, and Tliuk., Deposity from these stades cover
approximately 40 percent of the land area of the quadrangle,
and are mostly concentrated in the western part. Much of the
remaining area below 1,200 feet was covered by ice during this
glaciation, but identifiable drift is nol present or ig in exposures
too small to map. Areas containing seattered erratics are mnot
shown, but thelr presence, along with glacially seoured grooves in
hedrock, indicates glacial action in areas not covered by drift,
For example, on the southwest flank of Augustine Voleano exotie
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of the quadrangle: one glaciey came down Nonvianuk Lake, and
minor lobes of another are found along the northern part of the
mapped area,

The Kvichak Stade is represented, for the most part, by one
prominent end meoraine with associated ground moraine and
glaciofluvial deposits, recessional moraines and (or) push-moraines
having been buried by deposits of the Iliamna Stade. The head-
water region of the Koktuli River, however, containsg a complex
gystem of recessipnal moraines; this entire area lies bevond the
moraine of the Iliamna Stade and thusg gives a better picture of
the fluctuations that occurred during the retreat of the Kvichak

ice fronts.
TLIAMNA STADE

The last major glacial advance in the area is here named the
Hiamna Stade. The type locality is designated as the morainal hills
15 miles north of the outlet of Iliampa Lake, after which it is
named, Till and associated glacial and glaciofluvial deposits from
the amna Stade cover more of the guadrangle than all the other
stades combined and confine Thamna Lake and other large lakes
in thig part of Alaska.

Major trunk glaciers coming from both north and south joined
the one down Illamna Lake to cover most of the area except the
hizgher hills and mountains. The Kuksklek Lake lobe (fig. 7)
joined the Iliamna glacier during at least part of the stade. The
Nonvianuk Lake glacier did not coalesee with the placiers to the
north, but it did join a lobe coming from the Naknek Lake area
to the south. A few of the topographically lower valleys along the
north edge of the map were invaded by lobes from a major glacier
just to the north. Most of the undifferentiated drift in the eastern
part of the guadrangle probably is from this stade, and Cook
Inlet was probably blocked also,

The Iliamna Lake glacier was approximately 125 miles long,
and other glaciers were mainly B0-75 miles long. The end moraine
nearly everywhere lies 20-80 miles beyond end moraine of the
next stade. A complex system of recessional moraines lies behind
the end moraine, indicating at least three major stillstands of the
ice and possibly one minor readvance.

NEWHALEN S§TADE

A third stade of the Brooks Lake Glaciation was separated
from the first two by a considerable time interval and was much
smaller in extent. This stade is here named the Newhalen Biade
after the Newhalen River where a well-exposed end moraine, con-
sidered the type locality, érosses the viver about 6 miles north of
Tliamuna (fig. 8).
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tion of climatic zones. Some of the voungest moraines are locally
heavily forested, whereas the oldest moraines at comparable
elevations may be only tundra covered,

GROUND MORAINE DEPOSITS

Ground moraine was deposited by each stade of the Brooks
Lake Glaciation, but for convenience the deposits are not mapped
separately. Generally the deposits lie immediately behind well-
defined end moraines in the western part of the guadrangle; in
the mountainous gastern part they are abundant but are not asso-
ciated with end moraines, Most of the deposits in the eastern part
cannot be identified with a particular stade, although most prob-
ably date from either the Kvichak or [liamna Stades.

The deposits are mainly of unsorted till in the form of irregu-
larly shaped, nondirectional mounds and knobs a few feet fo a
few teng of feet high. Most were probably formed under the mov-
ing ice, although some were undoubledly formed by ablation dur-
ing the melting of the glaciers.

TERRACED AND MOBIFIED MORAINAL DEPOSITS

Morainal deposits herein mapped as terraced and modified
moraines were original deposited as ground moraine, but were
subsequently modified by streams emerging from glaciers of sue-
ceeding advances. In many places the deposits lie adjacent to
outwash plains or hanging deltas and are partly covered by these
deposits, The original character of the ground moraine was addi-
tionally altered by a thin laver of loess derived from braided
stream channels in front of the glaciers. In many places runoff
streams issuing from glaciers have created the terraces.

OUTWASH AND PITTED OUTWASH DEPOSITS

Glaciofluvial deposits in the form of cutwash plains, pitted out-
wash, and kame terraces cover many square miles of the Iliamna
quadrangle, The largest plains border the fronts of the Kvichak
and Hiamna end moraines, where they are commonly 1142 miles
wide and many miles long. These plaing are of great extent because
of & protracted stillstand of the major glaciers.

The outwash plains extend bevond the end moraines, and slope
approximately 25-50 feet per mile. Braided channel scars are
common, but all are shallow, indicating that streams shifted
rapidly across the plain. Pitted outwash borders the front of
moraines where the deposits covered blocks of ice that subse-
guently melted. Numerous pits in the Kaskanak Creek area are
over B0 feet deep and resemble sinks in karst topography. Just
north of the west end of Hliamna Lake the outwash deposit is 65
feet thick and composed mainly of alternating layers of silt and

BI8-528 O - T4 - 5

EPA-7609-0003343_0034



ASE  GEOLOGY OF THE ILIAMNA QUADRANGLE, ALABES
of vobbles, Involute structures are present,
ibed by Miller and Dobrovelny (1859, b,
ares,
ave depostt extends along the south
o Wubkaklek Lake, Between
: BOO-800 fest wide
iy, The former foe
t high along the
ita mantle
Hill and

gravel with lenses
gimilar to those ¢
66677 in the Aneh
Aoweelldeve

side of the Kvichak movaine
Kukaklek and Beindeer Lakes the ie
and s confined by hills just to the wmh {i' v
margly is now repre ad by a searp 25--H0
inner edee of the kame terrace, (ther oubtwash depo
and partly obscure pround moraine of both the Muak
Hrooks Lake Glaciations,

FANGIENG DELTA AND OUTWASH FAN DEPOSITS

Hanging delta and outwash fan deposils-are similar in origin
Both were formed by sbreams entering glacial Lake THamna when
itwas near s maximom Jevel, and by sbreams coming down stes
canvons and debouching onbe low-gradient plans, The deposits
typieally deltaie and o st of sbeatiied lavers of cobbles,
i, a»;;m-r;h :‘»&’EH:, anid gz:l:wi;zﬁ take clay, The lavers dip toward
i «.a;'; rimzm@l HEAYS am} CrOES-

and z%ﬁiﬁ M}«’w 5,

gim Retadvor-Lyde

side. of Bviehak moralne bebween
war plong right side of the hame
wvpatne s e, drift of Bukeklek Btade
craphed n Beptember 1968, Location of

Fioure. 10Ky

Bolkaklek and
Shis, j
*T«,/, Tertiary voleanie
area showe on plate 1

EPA-7609-0003343_0035



RURFICIAL DEPORITE A2G

Most of these dellaic deposits are aspsoviated with oubwash of
the Evichak and Diamna Stades and ave gt the mouths of aban-
doned channéls entering glacial Lake [Hamma,

The hanging deltas and Tans arve roughly of two sizes and
shapes, as well as ab two ley Mw Members of the higher of the
two sets are also the laree : Lomiles long and nearly as
wide at the outer-ed ' mtmg;:%{i v trinneular and contain
u oere abundaney g 5. The lower edge of this
ot s penervally x,tmw an elevation m Wm feet, Deltas of the lower
got are commonly narrov and Hnear, up to 4 miles Jong and rarely
more than one-guarter to balf o mile wide this set i3 ab 100150
feet ghove sen level, and much of the materinl is sand anid silt
{fig. 113,

ABANDONED-CHANNEL DEPOSIES
Mary brosd channels dneized fonto moraines of the Brooks Lake
Glaeiation contain stratified and praded deposits of silt, sand, and
gravel, Most of these channels ynow are cccupled by underfit
streams: looally no streams are present. The channels originate
alomg both the vuter and inneér edices of end and lateral moraines
and probably were active ondy during the period of maximum

ot Dhamna Lake look-
prssed -of well-drained
L hidf, Wenping

Fuene }E,,MH‘ delia near e O
fng forth iz ope.of the low'e
sant wed gravel wit ‘
delta; Ol proglucial Tale bedy | ) Eovichal Btade; Qbm,
mndified morabie; O, sbandoned-channel deposits, Photographed 10 Beps
tember 1068, Loeation of ares shown onoplate 1,

EPA-7609-0003343_0036



A30 CGEOLOGY OF THE ILIAMNA QUADRANGLE, ALASKA

melting., Many of these channels end in hanging delts and outwash
fan deposits. The positions of the abandoned channels suggest
numerous occurrences of stream piracy as well as shifting of
channels in response to changing base level. The lower part of
the Newhalen River, for example, has shifted about 10 miles to
the east through a series of channels, some of which are aban.
doned and others of which contain underfit streams. At one time,
when the lake was at its highest level, the mouth of the Newhalen
River was about 5-6 miles northeast of its present location. Thus,
the river has shifted both east and west in response to changing
conditions.

PROGLACIAL LAKE DEPOSITS

Iiamna Lake is a moraine-dammed lake in a preexisting struc-
tural depression that was originally an extension of Bristol Bay.
The glacial lake was confined by the end moraine of the Kvichak
Stade of the Brooks Lake Glaciation 28 miles southwest of the
present lake outlet. Now the lake is confined by the end moraine
of the Iliamna Stade 2-3 miles west of the lake. Most of the area
between the end moraines of the two stades is covered by pro-
glacial lake deposits; these deposits are in part covered by glacio-
fluvial deposits of the lliamna Stade.

The proglacial lake deposits have a very characteristic topo-
graphic expression (fig. 12). The surface is nearly flat and cov-
ered by myriad small ponds that are remnants of larger ponds.
Much of the area between ponds is covered by guaking bogs, in
which the water level is at or near the surface. The only firm
ground is adjacent to streams that cross the deposits.

The deposits consist almost entirely of sili- and clay.gize parti-
cles smaller than 0.050 mm. Locally, sand and pebbles are present
where ground moraine of the Kvichak Stade is near the surface
or where glaciofluvial deposits of the Iliamna Stade partly overlie
the proglacial lake bed. The silt and «¢lay iz light gray to tan,
locally laminated, and of variable thickness; 20-50 feet iz sug-
gested by the depth of stream entrenchment into the deposit.
Exposures are very poor except locally along the Kvichak River.
The upper part of the deposit is rich in organic material. Lenses
of interstitial ice are present, and relict permafrost features are
COmmon.

The proglacial lake deposit is probably similar in many respects
to the Bootlegger Cove Clay in the Anchorage vicinity (Miller
and Dobrovelny, 1959) and formed under similar conditions.
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FIGURe 12,—P. ‘J'alacial lake deposit at west end of Iliamna Lake. Qgl, proglacial lake deposits; Qif, lake terrace; Qd,
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HOLOCENE GLACIAL DEPOSITS
ALASKAN GLACIATION

Glacial deposits of Holocene age are almost entirely restricted
to the higher parts of the coastal mountains along Cook Inlet,
where high precipitation, coupled with altitudinal lowering of
temperatures, produced minor glaciers in post-altithermal time.
Karlstrom (1957) called this period of glacial advance the Alaskan
Glaciation and subdivided it into the Tustumena and Tunnel
Stades, each with several minor fluctuations.

The mountainous area bordering the west side of Cook Inlet
containg a glacial sequence that corresponds very closely to the
multiple advances that Karlstrom (1960, 1964) described on the
east gide of Cook Inlet. Elsewhere in the quadrangle, the Alaskan
Glaciation is marked only by one or two sets of end moraines that
are mapped as undifferentiated deposits of the Alaskan Glaciation.
Most of the undifferentiated deposits probably belong the the
Tustumens Stade, which was older and more extensive than the
Tunnel Stade,

A slight shift in the local climatie conditions within the quad-
rangle during the time of the Alaskan Glaciation may be indicated
by the position and extent of the deposita. In the southern part of
the guadrangle end moraines of the Tustumena arve farther from
the cirques than they are in the northern part. The opposite iz true
of moraines of the Tunnel Stade.

The deposits in the Tlamna quadrangle have not been dated
radiometrically but are probably coeval with dated deposite (Karl-
strom, 1964, pl. 7) on the east side of Cook Inlet, where the
Alaskan Glaciation began about 4,500-4,800 years ago and con-
tinued with minor interruptions until about 200 years ago. The
modern glaciers are all remnants of the Alaskan Glaciation.

TUSTUMENA STADE

Morainal deposits of the Tustumena Stade are found at many
loealities in the mountains bordering Cook Inlet. The glaciers
were all small and of the alpine-valley type. They extended no
more than 214 miles from cirque headwalls in the southern part
of the gquadrangle and generally less than 144 miles from head.
wallg in the northern part. Exceptions to this occur in the glaciers
coming from IHiamna Voleano just beyond the northeast corner
of ‘the quadrangle; these are major glaciers, some of which are
still over 15 miles long.

At most localities arcuate moraines of two advances can be
mapped, the younger about a third to half a mile behind the older
outer moraine. At a few spots there is a faint sugpestion of a
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third advance between the two prominent end moraines, but in
all likelihood these are small recessional moraines. Karlstrom
(1957, 1960, 1964), however, mapped three advances on the east
side of Cook Inlet.

TUNNEL STADE

A relatively minor” resurgence of glaciers that started about
1,200 years ago in the Cook Inlet region was termed the “Tunnel
Stade” by Karlstrom (1957), who mapped two distinct pulses on
the east side of Ccok Inlet. Two sets of end moraines are present
also at many loecalities in the Thiamna quadrangle, where they lie
145134 miles from cirque headwalls, except near Iliamna Voleano.

During the Tunnel Stade the snowline was no more than a few
hundred feet lower than the present §,500-foot snowline, and many
cirques close to this line have only minor threshold dams of mo-
raine; the snowline was depressed to about 2,500 feet during the
Tustumena Stade.

MORAINE AND OUTWASH DEPOSITS

There is little difference in appearance between moraines of the
two stades of the Alaskan Glaciation: both are fresh and unmodi-
fied. The end moraine is sharp, knob-and-kettle topography is
fresh, and streams are not integrated. A few of the deposits have
brush cover, but most are above timberline. Rock fragments in
moraines were locally derived from cirqgue headwalls, and most
still retain their angular shape. Ablation moraine is still forming
on top of the modern glaciers coming down from Hiamna Voledano:
the surface below about 3,000 feet iz an almost solid cover of rock,
sand, and silt, ;

QOutwash from the Alaskan Glaciation is mapped at only two
localities, along West Glacier and Middle Glacier Creeks, Small
patches are present elsewhere but are too small to show. Where
mapped, the constituent fragments are mainly voleanie rock from
Iliamna Voleano mixed with sand and silt, These areas of outwash
are still growing by the addition of material contributed by exiat-
ing glaciers in the valleys.

MODERN GLACIERS

All the modern glaciers are in the northeastern part of the
quadrangle, north of Iliamna Bay, and within 15 miles of the
coastline. This is an area of high precipitation (fiz. 3) where
almost constant cloud cover during the summer prevents melting
of the ice. Four large glaciers are nourished by the snoweap on
Iliamna Voleano (10,016 ft), and exfend into the quadrangle
north of Chinitna Bay; two of these terminate at elevations of
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less than 1,000 feet. Although ablation moraine covering the
surface of the ice prevents rapid melting, they are shrinking
slowly.

Most of the modern glaciers are in northwest-facing cirques;
34 can be mapped (fig. 8). The largest ig just over a mile long,
but most are a quarter to half a mile long. The firn line is now
between 8,600 and 4,300 feet. The elevation at which ablation
terminates the cirque glaciers varies directly with the distance
from the coastline: at 5 miles inland it is about 2,200 feet, at 10
miles it is 2,800 feet, and this increases to about 3,300 feet at
15 miles. Thus, the ablation zone rises about 100 feet per mile.
The firn line rises at about 50 feet per mile or half the rate of
rise of the ablation zone.

MASS MOVEMENT AND FROST ACTION DEPOSITS
LANDSLIDES

Landslides are one of the major products of mass movement in
the quadrangle. Glacially oversteepened valley walls, highly frac-
tured bedrock, and earthquake tremors all help cause large masses
of material to move suddenly in response to gravity. Most of the
landslides are in the area of heavy rainfall in the coastal moun-
taing, and water saturation undoubledly helps to reduce friction
in fractured bedrock as well as unconsolidated surficial materials.
The buoyant effect of the water also aids in moving the mass of
debris after it has been set in motion.

The largest landslides are in Jurassic sedimentary rock on
Inigkin Peninsula, where millions of cubic yards were involved in
slides as much as 2 miles long. Slides are also abundant in Ter-
tiary voleanie rocks, particularly near Squirrel Point on the south
side of Iliamna Lake and around Groundhog Mountain west of
Nondalton, Landslides are not common or large in granpitic or
metamorphic rock terrane, except at one locality about 214 miles
east of Moose Lake where landslides in granitic rocks from
mountaing on opposite sides of the valley have partly blocked
the valley, These slides are not the same age; the one from the
north appears much younger and has partly overridden the slide
coming down from the south side of the valley.

The debris in most landslides is composed of large angular
blocks of bedrock and minor amounts of surficial material that
were caught up in the movement. Nearly all slides are now stabi-
lized with vegetation; even where vegetation is abgent there is
at least » lichen covering on most blocks, Spruce forest covers the
slide at Right Arm of Iniskin Bay. The only recent landslide,
about 25 years old, is in granitic rock just west of Lonesome Bay
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at the head of IHamna Lake (Carl Williams, oral commun., 1967},
and both the scar and slide appear fresh. Some of the landslides
date from the Pleistocene or perhaps even earlier, as they are
partly covered by Pleistocene glacial deposits.

The earthquake of Mareh 27, 1964, did not canse any landslides
in the Iliamna quadrangle. Minor amounts of talus and a few
fragments of bedrock were jarred looge, but no major sliding
oceurred in gpite of 12-18 inches of uplift along the west side of
Cook Inlet (Plafher, 1965). A slide, however, did occur at Tuxedni
Bay, about 20 miles northeast of the quadrangle.

TALUS AND RUBBLE

Talus and rubble are mapped as one unit and considered together
in this report. Both are formed primarily by frost action on bed-
rock, the main difference being that talus is moved downslope by
gravity whereas rubble remains where it formed,

Sheets, fans, and cones of angular frost-riven rock fragments
accumulate on steep slopes in the mountainous aveas of the quad-
rangle, but only the larger deposits-can be shown at the mapping
scale. The most extensive dreas are underlain by granitie rock.
Augustine Voleano is covered by loose talus blocks, but their origin
ia related to voleanism rather than to frost action, and these de-
posits are not mapped with surficial units,

Most of the talus postdates the Kvichak and Iliamna Stades of
the Brooks Lake Glaciation, as during that time ice covered most
of the mountainous areas of the gquadrangle to a depth of 1,300~
1,500 feet, and much of the talus formed prior to these stades
was Incorporated in the glacial deposits. Some probably was
formed shortly after these stades. Much talus is being formed at
the present time, These rocks are lichen free, and rockfalls can
be seen and heard nearly every day while there iz diurnal freezing
and thawing.

Rubble covers many of the nearly flat to gently rounded hilltops
and upland surfaces that stand above the general limit of the
Brooks Lake Glaciation. The areas of frost-riven rubble are much
less extensive than areas covered by talus, In part because of the
restricted extent of topographic features conducive to the forma-
tion of rubble and the slower rate of formation.

The main areas of rubble are west of the coastal mountaing and
include Roadhouse Mountain, the areas just south of Lower Tazi-
mina Lake and around trigngulation station Kashanak, part of
Sharp Mountain, and areas around Battle, Iron Springs, and Pilot
Lakes. The main areas of rubble are underlain by many different
rock types but are most common on granitic and Tertiary vol-
canic terranes.
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The fact that boulders in most rubble fields are lichen covered
indicates they are not actively forming at the present time.
However, within each deposit there are a few upturned and
lichen-free boulders which show there is still & minor amount of
frost churning. Minor patterned ground and segregated rings are
present, but most of the boulders in a deposit are fairly constant
in gize, those in granitic rock being larger than those in volcanic
rock,

SOLIFLUCTION

Solifluction lobes are conspicuous features on the tundra-covered
slopes in the northwestern part of the guadrangle, particularly
above the limit of the Brooks Lake Glaciation. The slow downward
creep of the regolith is aided by alternate freezing and thawing,
gparse vegetation cover, the abundance of fine-grained debris,
including loess, and sufficient moisture. Solifluction proceeds
slowly now, and the more conspicuous lobes probably date from a
colder climate during the Brooks Lake Glaciation.

The topography in the northwestern part of the quadrangle is
characteristic of that produced by solifluction; the hill slopes are
convex, and tors have formed at their crest. The tors, remnants
of nearly flat-lying lava flows, are the only bedrock exposed at
many localities. On convex hill slopes the rate of creep is greatest
on the upper part of the hill, and the lobes pile up on midslope,
Locally, north of Bharp Mountain, where glaciers have over-
steepened the valley, creep is fastest on the lower slope, and cliffs
are formed near the base of the hill

The process of solifluction is most common where the regolith
containg a considerable amount of fine material, such as loess-
mantled hills and drift of the Mak Hill Glaciation. The large areas
affected on the northwest-facing slopes between Knutson Bay and
Lower Tazimina Lake were probably covered with a thin layer of
drift from the Mak Hill Glaciation, The material being trans-
ported downslope undergoes a minor amount of sorting, and crude
polygonal ground is formed-—fine materials concentrated in the
center and coarse fragments around the outside. A few ferraces
are found with rock fragments along their steep faces on north-
facing slopes northeast of triangulation station Kaskanak.

ROCK GLACIERS
Rock glaciers are rare in the Iliamna quadrangle, as the area
is near the southern limit at which they form and are preserved;
however, they are common and active farther north in the Alaska
Range (Wahrhaftig and Cox, 1959: Holmes and Foster, 1968).
The five small rock glaciers mapped in the quadrangle are inac-
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tive or nearly so, and probably have been since the Tupnel Blade
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that locally there may not have been enough ice during the Tunnel
Stade to form a true glacier, and rock glaciers formed instead.
The time of formation would thus be 200400 years ago. The pit
between the cirque headwall and the upslope-facing wall of debris
actually may mark the position of a small ice mass that formed
at that time but did not move forward.

PATTERNED GROUND

Well-defined patterned ground is present, but not common, in
the quadrangle. Most features are relicts of former periods of
glaciation and are only on a few of the higher mountaing or where
special climatic conditions exist, Nearly all have been mentioned
in the discussion of the different surficial units, and only a brief
résumé will be made here.

Relict high- and low-center polygons are fairly common locally
in the northwestern part of the quadrangle, but frost-crack poly-
gons are apparently the only ones now forming. Hummocks and
tussocks are present in many of the swampy areas at all elevations.
Some gegregation of coarse and fine debrig is noted in solifluction
lobes and rubble ridges on hilltops, but this is mainly a relict
feature, Cireular pits with low mounds of fine debris around the
outer margin may be former pingos, but none are active in the
area noOw.

ALLUVIAL DEPOSITS
TERRACE DEPOSITS

Crudely stratified terrace deposits, mainly of gravel and sand
with level or gently sloping upper surfaces, are found at many
localities in the Iliamna quadrangle. These deposits, all the result
of action by water, formed in three types of environment—fluvial,
lacustrine, and marine. Some of the deposits display aspects of
more than one of these three but are grouped under the primary
or main contributing one.

Terrace deposits attest to the presence of water at an elevation
above that which it now oceupies. This change in elevation may
result from many factors, from local uplift that affecis a small
part of a drainage basin to major changes in sea level in response
to glacial advanee and retreat,

Terraces are rarely simple, except possibly in the headwater
areas of streams, where only one level may be present; lower
stream valleys and the shores of lakes and seas generally have a
complex series that represent several periods of alluviation or
change of base level,

Terraces formed by fluvial or glaciofluvial action are on all
streams in the quadrangle, except the small steep ones cut mainly
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in bedrock, Many are too small to show at the scale of the map,
and some have been included with flood-plain alluvivm. The hang-
ing delta and outwash fan deposits are forms of terrace but are
mapped separately.

The hest examples of multiple stream terraces are along the
Koktuli, Kvichak, Alagnak, Nonvianuk, and Newhalen Rivers.
These are all in heavily glaciated areas where vast amounts of
debris were flushed rapidly down the valleys during periods of
deglaciation after the Kvichak and Iliamna Btades; this debris
caused streams to aggrade their channels and form broad flood
plains. Subsequently the decreased load accompanied by changes
of sea and lake level during the latter part of the Brooks Lake
Glaciation caused these streams to form mulmpfia terraces along
much of their courses.

The: deposits are locally more than 100 feet thick and consist
mainly of poorly stratified, well-rounded pebbles and cobbles with
interbeds and lenses of sand and silt, There is a general decrease
in clast size away from morainal fronts, as well as away from
headwater gource areas,

Along the Kvichak, Alagnak, and Nonvianuk Rivers the terraces
are generally narrow, paired, and have few levels, and the streams
are deeply incised—features that indicate rapid downeutting. The
Koktuli River, on the other hand, has a broad terrace area and
many minor levels, none of which seem to be paired, and aban-
doned channel and meander scars are common—features that indi-
cate slow adjustment to new base levels.

Martin and Katz (1912, p. 87-98 and fig. 3) discussed terrace
gravel at elevations up to 2,000 feet in the Tazimina Lake-Lake
Clark areas. Most of the area shown in their figure 3 is outside
the Tliamna quadrangle and was not investigated, but that part
south of Tazimina Lake was checked., Most of this gravel is in
glacial outwash and kame terrace deposits along the valley wall;
that in the pass areas is a remnant of drift from glaciation that
preceded the Brooks Lake. Tributary streams iay have been
dammed by main valley glaciers north of Tazimina Lake, as dis-
cussed by Martin and Katz, but no evidence of this was found
south of the lake.

FLOOD-PLAIN ALLUVIUM

Depogits formed by the action of running water primarily dur-
ing the Holocene are here mapped as alluviom. The two main
types are flood-plain alluvium and alluvial fans and cones. The
former is deposited by streams of any size; the latter are formed
mostly by steep-gradient ephemeral streams. For the purpose of

EPA-7609-0003343_0046



A40 GEOLOGY OF THE ILTAMNA QUADRANGLE, ALASKA

this report, low terraces, up to & feet above stream level, are
included with the alluvium.

Flood-plain alluvial deposits are largest and most abundant
in the western part of the guadrangle, where large masses of
unconsolidated glacial debris are being reworked and moved down-
stream. Many of the streams, such as the Koktuli, Stuyahok, and
Alagnak Rivers and Kaskanak, Moraine, and Belinda Creeks, are
obviously underfit. They have broad flood plains with low gradi-
ents and contain many oxbow lakes, cut-off meanders, meander
serolls, sloughs, and back swamps. They are flowing in glacial
stream channels, but most of the mapped alluvial deposits in these
valleys probably are Holocene. Older deposits are mapped with
the terrace deposits.

Most of the streams entering Iliamna Lake are deeply en-
trenched and are degrading their channels in response to pro-
gressive lowering of the lake level. The lower courses of the
liamna and Pile Rivers are exceptions: they are about at grade
and periodically flood across the width of the valleys because the
lower 56 miles of their courses is across and old lake bed formed
by a higher stand of water in Iliamna Lake, and the streams are
graded to a level only slightly above that of the present lake,
Normally the level of Iliamna Lake rises about b feet during the
heavy rainfall season from June through August; this change in
level brings the Iliamna and Pile Bivers about to grade, and there
is little movement of allavium along their lower courses,

Sand and gravel —Interstratified sand and gravel make up the
bulk of the alluvial materials throughout the quadrangle. Gravel,
for the purposs of this discusgsion, is considered to include all
water-worn rock fragments up to about 10 inches (254 mm) in
diameter; fragments larger than 10 inches are considered boulders.

Most streams originating in the coastal mountains, particularly
ones flowing eastward into Cook Inlet, have a high percentage of
boulders and only miner amounts of sand and gravel.

Silt,—3ilt and fine sand make up 2 major part of the alluvium
in the western part of the quadrangle, an area containing exten-
sive loess deposits and the oldest glacial drift. Most of the streams
are underfit and cannot fransport large rock fragments. Many
follow the outer edges of outwash plains in fine-grained material,
and so they receive very little coarse material. No size analyses
were made, but the grain size is probably in the fine sand range.
Generally the particle size of alluvium at any given point is larger
than that of the bulk of the material being eroded at that point.
Each time the stream recrosses its flood plain, or adds new ma-
terial, the finer particles are moved farthest downstream, leaving
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coarse material behind. In cross section the flood plains are nearly
level, but the longitudinal profiles vary considerably, from steep
in the mountains to low in the western part.

The silt is poorly to well stratified; it'is mainly brown but in-
cludes some gray and black material, The black silt containg vari-
able amounts of organic material, and some of the gquaking bogs
on the proglacial lake sediments are almost entirely peat. The gray
silt is probably a glacial lake deposit. These valley-fill sediments
are poorly drained, nearly flat, and coextensive with abundant
gwamps and muskeg.

ALLUVIAL FANS AND CONES

Alluvial fans and cones are more abundant in the mountainous
parts of the guadrangle, where steep-gradient streams debouch
onto low-gradient flood plains. Large fans are present near Six-
mile Lake, Roadhouse Mountain, and Chekok, Knutson, East
Glacier, and Moraine Creeks. Cones are particularly abundant in
the coastal mountaing, but only a few of the larger ones are
mapped.

The materials are generally coarser and more angular than
flood-plain deposits, they are rarely submerged, and the fans and
cones have distinetly convex cross sections. Both are composed
mainly of locally derived roek fragments, but alse include minor
amounts of glacial drift. Most are covered with forest or brush
and are gullied, so that they are now being dissected, rather than
aceumulating, None of the deposits are dated radiometrically, but
the main period of formation probably corresponds to the Alaskan
Glaciation,

BEACH DEPOSITS
LAKE TERRACE AND BEACH RIDGE DEPOSITS

A series of prominent lacustrine terraces are present along
much of lliamna Lake. They are more common in the thick sur-
ficial materials around the western end but are also present in
some of the valleys at the head of the lake, notably the Illamna
and Pile River valleys. The shores of Kukaklek, Nonvianuk, and
Sixmile Lakes slso exhibit at least one major terrace.

The multiple terraces on Iliamna Lake are particularly striking
along the north and west sides, where four major levels can be
mapped (pl. 1 and fig, 14) st about 40, 80, 100, and 130 feet above
the present lake level (47 ft). In addition, minor terraces were
formed at about 55 and 115 feet above present lake level, All ele-
vations are probably correct to %8 feet. The 40- and 80-foot ter-
races are the best preserved and most continuous. Thelr width {8
generally 1,000-3,000 feet but locally is as much as 5,000 feet.
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Higprenig Laks

b oridpe de s alony north gide of Thamng
ana alrport, looking seuthwest, O, lake terrace and

B0y 10 and 180-foot levelsr Ot strepm
terraee: WdF, outwash fant Obe, modified moraine: QL lacustrine de-
posite; Ubll, moralng of Hiwmne Stade. Photographed in Beptember 1968
Livvation of areq showen onoplate 1.

Froune 14Lake torrace and be
Liakes, west of 10
bearh ridpe deposit

The vpper surface of each slopes lakewsard at sbout 5° and s
terminated by 3 wave.cut searp behind snother terrvace at a lower
level, The action of water and wind bas greatly altered the terrace
surfaces in many | bhisds both eonstruetional, with the
formation of sa s and besch rvideges, and destruetional,
through downeutting of stream vallovs,

The highest stand of water in glaeisl Lake Hliamos was about
50 Teet above present lake level (g 158}, This level was appar-
ently maintained only brieflv, as terraces and beach ridees were
not formed. However, the

=

crandline can be identified easily on
asrial photographs and locally on the ground where there 15 only
a Heht vegetation cover. Surficial materials below the high water-
ling are modified, and they show g distinet lightoray tone on
aprial photographs owiy {sand and

g ton thin ecoating of stratifiec

gravel,
The time of the highest water level iz unkuows, 58 o material

for radiccarbon anals n found., However, stratizraphic
considerations sugpest o post-lliamna age, and in all probability
the highswater level was during the Holocene warming dated by
MeCulloeh (1966) at about B,300-11,000 vears ago in the Chukehd
Hew area. Badiocarbon dates have been determined for Iliamna
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Lake terraces below the high waterline. The oldest sample is
dated at 8,250 = 350 years B.P. (before present) (Detterman,
Reed, and Rubin, 1965) ; this is from the 80-foot terrace level and
is presumably younger than the highest stand of water, although
this cannot be proved.

Pits excavated into lake terraces revealed many similarities as
well ag dissimilarities in the exposed sections, Bome sections show
soil profiles that were apparently interrupted by a lake transgres-
sion with deposition after which a new soil profile developed. The
soil horizon terminology used here is the standard used by pedolo-
gists (Leopold and others, 1964, fig. 4-2, p. 117).

Seetion dnte top of §0-fool terrace level, 7.8 wmiles N, 25° W. of the outlet
of Hiomna Lake
Inches

Fine sand, dark-yellowish-orange (10YR6/6, Munsell system); mostly

quartz, some frosted grains; As soil BOTIZON co e e i 12

Pine sand and silt, dark-vellowish-brown (10YE4/2); considerable or-
ganic materiall Ay BOFIZOT oini i d i i 1
8ilt and fine sand, grayish-orange (10¥RT/4); A Borizon ve crmmoinn 24
Pen gravel, WellrDOUNGRE oo o e s 0 1 o 8
Unsorted, unweathered Bl .o oo e i s e s s e
TEOBIT s e e 55 e i 5 e o e 45

The terrace at the sample site is largely barren of vegetation
now and probably has been since formation. A few spruce grow
locally. Soil horizons are poorly developed, and frosted sand grains
indicate active wind erosion. The lake probably did not transgress
this terrace after its formation.

A section into the 55-foot terrace in the forested moderate rain-
fall zone at the head of the lake shows & thicker and better de-
veloped soil profile and a second transgression of the lake across
the terrace.

Section 0.5 mile northeast of Pile Bay village
Twches
Moss and root zone; Ay Borizon e e 7 0

Voleanic ash, white; 1012 Katmal eruption .o v i 1
Loam, moderate brown (BYRB/4); organic material: A, horvizon ... 2%
Lioam, pale-yellowish-brown {10¥RG/2): A Borizon - covmmmrcmmans 2
Band, medivm to coarse; lake (ransS@ression .. el cwem oo momm—wm 1
Bilt and loam, moderate brown) Ay BOLTZON e s o s e 7
8ilt, yellowish-gray (BYREB/1) v organic material; pmbably glamﬁl lake
BEHE e i e o e e e e S 2
Till, unsorted and VnWeathered . i s st o e e
TTOBRL e o s o e 0 e e . e 17

A more complete section &hrmgh the surficial materials can be
seen in a lake Dluff at the northwest corner of Iliamna Lake, 12
miles north of the outlet.
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Faet

Laowm, silty, moderate to light-brownish: A, and A horizons . e rnw i%
Sand, coarse, yellowish-brown; beach deposit - ... i BB
Gravel, pebbles and cobbles; poorly stratified to umorted glacial outwash 8
Till, unsorted _.onooooo . i o S s s o e o
Total .. NPV | 1

15

BO sy

“iser

Fioure: 15—Bathvmetry of Iliamna Lake and area covered at maximum
stand of glacial Lake THamna. Contours, in feet, modified from bathymetry
by Fisheries Research Institute, University of Washington, Shaded land
area covered by water of glacial lake during melting following the THamna
Stade,
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Tilting of Hliamna Lake, probably as a vesult of igostatic adjust-
ment since deglaciation, is suggestéd by the terrace levels and
southward migration of the outlet (fig. 12). This tilting, which

L

155*

o ] 16 1% 20 2B MILES

f

& 4] 5 10 15 20 ZHRKILOMETERS
i

N ;3 5, i

Froure 16—Continved.
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cannot be proved with the information at hand, would be eaused
by & alight upliftt of the north shore.
MARINE TERBACE AND BEACH HWIDGE DEPOBITE

The west shore of Cook Inlet la vising, partly in response o
tectonic asebivity (Plalker, 19651 Waller, 1886, Delterman, 1968)
and possibly in part owing to isostatic adivstments following
deglaciation, Evidence for this uplift ean be seen in many places
in-the form of beach deposita for gbove hivh-tide lne and wave.
eut bedrock platforms along Kamishak Bay covered by marvine
gurficial deposits, Barlstrom (18684) presented evidence for a
freshewater lake, ok, in the upper ook Inlet area. As
mueh a8 1,000 feet ieedarm {%ur'%w: the
i ~ef?&

Sikfoot bedrock j;}ixﬁtif OrH xm‘}ﬂ"ma ‘i“w kzm‘wfmk f Sy m}mm are
loss than 5,000 ye* m» z@M am% arve therelore ;m»%m% ;W m«wmw 4%

: ; iwmr ihfm m g:m
Remnants of two penerations of b b wel tervac
platforme are partieslarly abundant along Uw shores of Kamishiak
Bayv alb levels approximately B0 and 80 feet sbove highdide line
{flg. 167, The higher level is more prominent and penerally wider

&

Frovee 18~Marine terrar
ﬁw, iwkm;: mmﬂm :

s otk bkl bedeoek ot Amakdedulia Cove, Iianmmk

. ’i %m B level s wwell developed

rmsz m vmw; s, E*hnmwmm in
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than the lower, and probably represents a longer stillstand of
sea level. Beach deposits, some with well-defined soil horizons,
overlie most of the platforms. A section overlying the BO-foob
platform, measured along the east side of a small stream 9 miles
west of the mouth of the Douglas River, follows:

Foot Inches
Modern root zone; As horlzon woveiimmecwinn o i o i 2 4
Voleanic ash, white; 1912 Katmai eruptmn MMMMMM i e 4
Sand, pebbles, lenticular and reworked peat layers only partly
decomposed; secondary, disturbed A, horizon e vummnn 21
Loam, dark-yellowish-brown {(LOYE4/2) with abundant or-
ganic material (2620 B.P.); A borizon .ocveionnin e 17
Sand, pale-yellowish-orange (10YVEB/6); A, horizon ocvvnnn 6 0
Pebbles, cobbles, and Sa0d e e e i s s s 8 0
TEOEAT e e o s o 9 e e o 17 10

The following incomplete section of material on top of the
90-foot platform 284 miles northeast of Chenik Lake indicates
a possible fluctuation in sea level or changing conditions of depo-
gition.

Cobbles, pebbles and sand, all well rounded; cobbles flattened and form

FPuot

BEBOH BRITELE o oo a1 0 2
Bilt and clay with some ﬁme sand, moderate yellowish-brown
{10V RE/4Y, crossbedded . i s 2o o o ot 10
Cobbles and pebbles similar 10 8boVEe v i s s s st 1%
$ilt and clay, similar to above but not :::m%beﬁded e e e e
Slumped, mainly fine material to top of bedrock e 10
TTORBL e s s e s o i 30%

Elsewhere along the shore of Kammhak Bay and northward,
unconsolidated to slightly consolidated deposits of sand and gravel
are present at the two main levels. One deposit, graded fo the
50-foot level, is about 1 mile inland from the beach at Amakdedori,
and one graded to the 90-foot level is on the peninsula jutting out
from the south side of Bruin Bay. Both levels are on Augustine
Island, where several intermediate levels that are not well repre-
sented elsewhere are also present.

Low beach ridges, some with beach berms, are present at the
head of Oil Bay and Dry Bay. The ridges are progréssively higher
inland, but all are below the 50-foot terrace level, They were not
investigated for radiocarbon material but are probably fairly
young, even though they support mature spruce forest on the
higher ridges.

A radipearbon date of 2,620 = 250 years was obtained from
organic material derived from plants that grew on a deposit over-
lying the 50-foot bedrock platform 9 miles west of the mouth of
the Douglas River. This organic debris overlies 14 feet of sand
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and gravel deposited on the bedrock, and so the date may be con.
siderably younger than the date of formation of the platform.
However, using that date and disregarding any sea.level change
in the same interval, the minimum rate of uplift in this area is
between 1 and 2 feet per century.

MODERN BEACH DEPOSITS

Modern beach deposits along Iliamna and other large lakes are
composed primarily of well-rounded pebbles and cobbles derived
from glacial deposits bordering the lakes. Angular fragments
broken from bedrock cliffs are locally a minor part of the deposits,
but sand beaches are not common except at the west end of
liamna Lake and at the head of Pile Bay. Other small sand
beaches are at the west end of Kakhonak, Meadow, and Kukaklek
Lakes, and at the head of Moose Lake.

In most places Iliamna Lake beaches are less than 25-30 feet
wide, but some have two or three well-defined beach berms that
extend uninterrupted for several miles. Beaches on the north side
are generally wider than those on the south side.

The shore of Cook Inlet is bordered mainly by rocky ¢liffs with
few beach deposits, except for angular blocks of bedrock, though
there are large beaches of gravel and sand at Chinitna and 0Oil
Bays, Ursus Cove, Amakdedori, McNeil Cove, and at the mouth
of the Douglas River. Augustine Island has some beaches formed
mainly of pumice and sand. The lack of extensive beaches along
this part of Cook Inlet is probably a reflection of the continued
recent uplift.

LACUSTRINE DEPOSITS

The term “lacustrine deposit” is used here in a restricted sense.
Broadly speaking, it refers to all deposits formed in or by a lake:
as used here, all materials reworked into terraces, or beach ridges,
and all swamp deposits are excluded.

The main area of deposition was in glacial Lake Iliamna below
the highest terrace level, Smaller deposits are along Kukaklek,
Kakhonak, and Nonvianuk Lakes. They are present elsewhere,
but the exposures are too small to show at the scale of the map.

Most of the deposits ‘were probably formed in a periglacial en-
vironment and consist mainly of glacially transported material,
though some fluvial deposits were undoubtedly incorporated, par-
ticularly near the present lake levels and near the mouths of the
larger streams.

The components of the lacustrine deposits are mainly silt and
fine sand (0.05-0.256 mm) and a few interbeds of coarse sand and
gravel, They are poorly drained, owing to the small particle size,
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and tend to be swampy. Organic material, much of it reworked,
is common in layers and lenticular masses.

A partial section of a lacustrine deposit was excavated at an
archeological site 0.2 mile west of the Nels Hedland house at
Pedro Bay. The area is mapped as swamp deposit, but a low ter-
race only about 25 feet wide was eut in the side of Pedro Moun-~
tain and is covered with lacustrine deposits. The section iz as

follows:

Inehen
MOEIN TOOL ZOTE. o s e st o e s i 500 ., . 5
Voleanic ash, white; 1912 Katmai erupt:em wwwwwwww o e s b e %
Organie layer, partly decomposed plant fragments .o vnn %
WOLCHNIE BEH, BUBY oo e e o s s st s s 0 2 e 25 0 3 1
Loam, black, highly mgame {1,840 BUPY oo i mm socsim mi mo SR, %
Sand, fine to coarse, poorly stratified, leached e ooommcmmenen R 1
BN, ELXBY e i 50 e 5 5 ' . 5 %
Organic 1ayer o vemmsimms e e e e e i 5 %
BHlE, Zray oo s i s et i 8 et o 2
OrBANIE TAYRT o ommi s s om i i i i o i e
Ash cociinn o e A P 5 e .55 e e i 0 0
OFEANTE TEVOT e o e ot e 5 s 20 5051 521 .95 .5 s 0 %
S00l, WeatDOred BIAY i s o o o et s o 1 5 o e P
TTUOBAT e e e e 0 S 5 6 e b S 20 4

Exposed in a pit near Chekok Bay, at ai:mui: the same elevation,
was 18 inches of gray glacial lake silt and clay underlying 15
inches of fine sand and overlying coarse gravel.

ESTUARINE DEPOSITS

Two types of estuarine deposits form in the bays of Cook Inlet—
silt and salt marsh deposits, They are considered together because
they both form by tidal action. The main difference between the
two is that estuarine silt lies below high-tide level, and salt marsh
lies generally above but may be periodically flooded by extreme
high tides.

All the flordlike bays along Cook Inlet, as well as Kamishak
Bay, contain extensive deposits of estuarine silt that are exposed
at low tide. The heads of most of these bays, except for stream
channels, are completely dry on a minus tide, and the deposit at
Kamishak Bay is exposed for 5-6 miles offshore.

The surface of the gilt slopes gently toward the center of the
bays or toward meandering stream channels that cross them. Sec-
tions through the upper parts of the deposits are occasionally ex-
posed in some of the stream channely after a storm, Where ex-
posed, the deposits show considerable small-scale crossbedding,
with thin layers of sand and small pebbles. Large pebbles and
cobbles are incorporated into the deposits near shore.
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The estuarine silt is mainly an accumulation of rock flour car-
ried into the bays by streams that head in melting glaciers. The
process is still going on in Chinitna Bay and to a lesser extent in
Kamishak Bay. Elsewhere, accretion is from rock flour carried
down Cook Inlet by tidal action, Most of the material is in the clay
and silt range (0.005-0.056 mm) . The clays are medium-bluish gray
(6B5/1) and extremely plastic and sticky when wet. For the most
part they are compacted enough to support a man’s weight, but
locally small eircular areas 5-15 feet in diameter arve “guick,”
probably the result of seepages from springs,

Salt-marsh deposits bordering the upper parts of most bays are
identical in composition with the estuarine silt, except that they
contain vegetation layers and peat. The deposits are above water
most of the time, but new silt may be added when extreme high
tides are accompanied by storms,

EOLIAN DEPOSITS
LOESS

A thin mantle of loess covers much of the upland surfaces that
are underlain by till of the Kukaklek Stade of the Mak Hill Glacia-
tion. The deposit is only a few feet thick at most places and was
not mapped. The major source was probably silt from outwash
plains of the Brooks Lake Glaciation, Some loess is being deposited
today from the flood plaing of the larger streams during periods
of dry, windy weather,

SAND DUNES

An extensive area of dunes overlies some of the high terraces
and beach ridges at the west end of Lliamna Lake. These terraces
have only a sparse cover of vegetation and are fully exposed to
the sweep of the southeast storms. Bmaller areas of dunes occur
at intervals along the north side of the lake: they are all formed
on old lake terraces. Two small dune areas are present on the north
and west sides of Kukaklek Lake. Along Cook Inlet there are only
two small areas of sand dunes; one at the southwest tip of Augus-
tine Tsland and another at the mouth of the Douglas River. Else-
where along Cook Inlet, the beach materials are coarse.

The dunes are only partly stabilized by a sparse vegetation cover,
and blowouts are common; these expose the internal structure of
crossbedded layering, aeolian ripple marks, and lag gravel. Or.
ganic material is common in many of the blowouts; two samples
from a pit at the west end of Iliamna Lake (pl. 1, loc. C 1-4) were
dated. The upper horizon at 11 inches below the surface was dated
a8 200 years old and the one at 54 inches as 400 years {Detter-
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man, Reed, and Rubin, 1965). The sample at 54 inches overlies a
thin bed of white voleanic ash which may be equivalent to one
reported from a dune on Turnagain Arm by Miller and Dobrovolny
(1959, p. 80).

The material exposed in the pit at the west end of Hiamna Lake
is mainly fine clean quartz sand in which most of the graing are
somewhat frosted. About 1 foot below the surface, just beneath
the upper organic layer, the section containg 20-25 percent silt
mixed with the sand, but the wind removed all silt from the upper
few inches of the active layer. The upper organic layer contains
many partly burned wood and plant fragments, which may indi-
cate that the dunes had been stabilized by a vegetation cover that
was destroyed by a fire about 200 years ago.

VOLCANIC ASH

Thin layers of wind-transported voleanic ash are admixed with
the surficial deposits in all parts of the quadrangle, The thickest
layer is 4 white ash found throughout the area at the base of the
root zone. It was deposited by the 1912 eruption of Mount Katmai
and Novarupta at the head of the Valley of Ten Thousand Smokes,
50 miles south of the guadrangle. This layer ranges in thickness
from about a quarter of an inch in the northwestern part of the
quadrangle to as much ag 4 inches in the southeastern part.

The most recent ash deposit resulted from the 1963 eruption of
Aungustine Volcano. This ash is confined to the mountainous areas
along the west side of Cook Inlet and did not extend more than 15
miles inland. No attempt was made to correlate the ash layers
except for the 1912 eruption. Two radiocarbon dates (W--1483 and
W-2148, table 1) are closely associated with ash beds and give an
approximate date of deposition. There are at least eight historieal
ly active voleanoes within 50 miles of the quadrangle that could
have supplied the ash (Coats, 1950). Augustine is the only one
within the mapped area; it has been active five times since 1760,

SWAMP DEPOSITS

Swamps are common throughout much of the quadrangle, espe-
cially in closed depressions in glaciated areas and along lakes,
ponds, and streams in the lowlands. The proglacial lake deposit at
the west and of Tliamna Lake is a vast area of swamps and guaking
bogs. Fine-grained sediments near the terminal edges of outwash
plains are commonly swampy, as is much of the lake-bed sediment
bordering Hliamna Lake,

A swamp deposit, or muskeg as it is commonly called in Alaska,
is mainly a dark-brown organic accumulation of woody and peaty
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material mixed with silt and fine sand. Sedge and sphagnum peat
are both present. Alaskan muskeg was classified into three groups
by Dachnowski-Stokes (1941, p. 3-5): slope muskeg, raised
muskeg, and flat or valley muskeg. This classification is based on
topographie, structural, and developmental differences.

Slope muskeg has sloping surfaces and forms on gently undulat-
ing ground near sea level, Many of the swampy areas bordering
Iliamna Lake are of this type. Most of the swamps in the quad-
rangle would be classified as flat or valley muskeg, which has a
flat to slightly coneave surface. Several small swamps near the
head of Pile Bay have slightly convex surfaces and may be raised
muskeg.

The thickness of the swamp deposits was not determined, but
38 inches of sphagnum and sedge peat was noted at one spot near
Chekok Bay where the lakeshore had cut into a deposit, A drain-
age ditch just west of the Iliamna River, along the Pile Bay-
Iliamna Bay road, exposes about 2 feet of similar material. In both
places and elsewhere in the guadrangle, the actual depth of swamp
deposits is probably much greater than that observed.

ORGANIC DEPOSITS

Peat and finely divided organic material are found in most of
the surficial materials. The organic content of most of the moraines
is low, but the kettles, ponds, and swales contain considerable peat.
Large peat bogs now in the process of formation cover much of
the proglacial lake deposits and lacustrine deposits. Quaking bogs
are common around the west end of liamna Lake, as well a8 near
Pedro Bay and Pile Bay. The surface of these organic deposits is
commonly marked by sedge tussocks, earth hummocks, and marsh-
type vegetation. Fine, well-sorted, well-stratified, and poorly con-
solidated silt is mixed with the organic material, Much of this silt
is black to dark brown.

RADIOCARBON AGE DATING

Eight samples containing organie material were obtained and
analyzed for their radiocarbon content in an effort to date some
of the surficial deposits. Some of the samples represent in place
accumulations of organic material, and others are of material that
grew elsewhere and was washed into the places where samples
were collected. The locations of all samples are shown on plate 1,
and the analyses are presented in table 1.

SBamples C~1 through C-4, from the 80-fool terrace at the west
end of Iliamna Lake, give a minimum age for the Iliamna Stade
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TABLE }.Rodiccarbon analyses of srganic material from Hiamna quadrongle
Alaska

[Anslyses by Meyer Rubin, U.8 Geol. Burvey]

Depth
Loeal Laboratory ) below Age
wa Mo, Bample deseription  Lowality deseription surface {venrs
{inchesy  B.J.)
[+ S Woel482 ... Wood snd plant BO-fL terrsce tevel, 13 200 g00
e Tigmpa Lake;
eolian send de
posit.
| Jp— 1488 ... Plant fragments B0t tervace level; B4 4002200
and seed pods, eolian sand deposit.
| QPN 1481 ... Organie materisl . 8001 terrace level 78-T6  1,880:20560
glcinl lake beach
deposit.
& i 1478 e wewntln P " 132 8,620:2350
| 9147 ... Twigs gress, and  BB-ft terrace Jevel; 1 5,520:0250
seed pods. glacial lake deposit,
L J——— 2148 ... Black bumus and  5b-ft terrace. - 518 13402250
peat layer. Swamp deposits. !
i — 2128 .. Crganic msterisl Beach deposit over. a0 2402200
and peat in Iying 5011 waves
brown soil eut bedrock plate
horizon, form,
B oiimin 2988 ... Orgenic matevial Rulged hench deponit, BO Modern
in besch sand. Avgustine Island.

of the Brooks Lake Glaciation, The stade is probably considerably
older, as the material is from a level that is approximately 70 feet
lower than the maximum stand of the lake. The youngest date
(2002200 B.P.) was from burned wood and may indicate that this
part of the quadrangle was more heavily forested a few hundred
yvears ago (fig. 2). These samples have been described before
{Detterman, Reed, and Rubin, 1965),

Samples C-5 and C-6 are from the B5-fool terrace along the
north side of lliamna Lake. Sample C-5, from near Chekok Bay, is
from material washed onto the beach during formation of this
terrace level and probably gives a good date for the formation of
the terrace. Sample C~6 is in place material associated with an
archeological site near Pedro Bay and is undoubtedly much younger
than the terrace,

The two samples from Cook Inlet, C-7 from Kamishak Bay
and C-B from Augustine Island, give a maximum rate of aplift
along the west gide of Cook Inlet. Peat formed in place overlying
14 feet of sand and gravel on the B0-foot bedrock platform at
Kamishak Bay would indicate a maximum rate of 1-2 feet of up-
lift per century. The modern age of the material from Augustine
Island would tend to confirm this rapid rate of uplift. The Augus-
tine Island carbonized debris was collected 7 feet above high-tide
line and had been an integral part of a beach deposit. About 12~
13 inches of the uplift resulted from the 1964 earthquake (Det-
terman, 1968).
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GEOLOGIC HISTORY

The geologic history of the surficial materials in the THamna
gquadrangle is the record of events that occurred during the late
Pleistocene and Holocene. Any deposits that were formed prior
to the Wisconsin Glaciation are so completely covered or altered
as to be unrecognizable, though pre-Wisconsin glaciers must have
covered a large part of the area.

At the beginning of Pleistocene time, this part of the Alaska
Peninsula appeared much different than it does today. Ilamna
Lake was undoubtedly part of Bristol Bay, and Big Mountain was
probably an island. The lake is as much as 1,192 feet deep and
certainly was not formed entirely by glacial scouring. The coastal
mountaing were probably much different also. The fiordlike bays
along Cook Inlet were probably narrow river valleys.

The oldest recognizable glacial depogits in the guadrangle re-
sulted from an early Wisconsin advance that has not been dated
radiometrically but is correlated with the Mak Hill Glaciation in
the Naknek Lake area (Muller, 1953) and the Knik Glaciation
{Karlstrom, 1960, and 1964) on the east side of Cook Inlet. Valley
glaciers from the mountaing coalesced to form a piedmont lobe
that covered much of the quadrangle to a considerable depth and
probably continued across the lower part of Cook Inlet 48 an ice
dam. Deposits of this glaciation are found only along the western
border of the quadrangle and mainly at altitudes over 1,000 feet.
These deposits are believed to be more than 85,000 years old
because of their morphologic similarity to dated deposits,

The oldest glacial deposils were considerably eroded and other-
wise modified before the late (classical) Wisconsin Glaciation,
represented by four stades of the Brooks Lake Glaciation. Valley
glaciers coalesced to form a major lobe in the Ilamna Lake area
during the Kvichal Stade. Iee probably covered much of the
quadrangle and terminated about 20 miles west of Iliamna Lake;
moraines of this stade enclosed Iliamna Lake basin and other large
lake basins in the area. The eastern limit of the ice is unknown, but
ice may have dammed Cook Inlet. Several protracted stillstands of
the glaciers are represented by large recesgional moraines in some
of the mountain valleyvs. Streams cut into many of the deposits,
reworking and modifyving the glacial debris.

During the Iliamna Stade, the last major glacial advance in the
area, ice from many valley glaciers again coalesced to form a
major lobe in lliamna Lake; this terminated a few miles west
of the present lake outlet and is largely responsible for the pres-
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ent configuration of the lake, The Kukaklek Lake lobe did not
join the main ice mass but did form the Kukaklek Lake basin.
Nonvianuk Lake was also formed at this time by another major
lobe. Three to four recessional moraines marking major stillstands
of the ice are seen in many places. Outwash deposits were mixed
with the proglacial lake-bed deposits at the west end of the lake,
During the subsequent interstade the glaciers melted back into
the mountain valleys and may have disappeared ‘almost entirely.
The melting of this large mass of ice probably filled the lake basin
to its highest strandline, about 150 feet above the present lake
level, but rapid downcutting quickly lowered this level.

The last two stades of the Brooks Lake Glaciation were minor
advances, mainly of small alpine valley glaciers. The glacier com-
ing down Sixmile Lake did coalesce briefly with the one in Tazi-
mina Lake valley to form a major ice front just north of the
modern village of Iliamna. Glaciers during the Iliuk Stade did not
reach the mountain front, but moraines created secondary basing
in previously formed lakes. Upper Tazimina, Nonvianuk, and
Battle Lakes were formed in this manner,

The glaciers of the Tlink Stade melted in response to the amelio-
rating climate at the beginning of the Hypsithermal, and the
Brooks Lake Glaciation came to an end. The radiocarbon date of
5,620+ 250 years for the beach deposit on the 55-foot terrace
along Tliamna Lake probably represents the age of the high stand
of the lake during the Hypsithermal.

About 4,500 vears ago the climate deteriorated, and the glaciers
readvanced (Karlstrom, 1964). The Tustumena Stade of the
Alaskan Glaciation was a minor event in this quadrangle: most
of the glaciers advanced only a mile or two from the cirque head-
walls in the coastal mountains. Two fo three pulsations of the
Tustumena glaciers are recorded in most places, The only large
glaciers at this time were around Hiamna Volcano, A few of these
extended into the northeastern corner of the quadrangle,

The modern glaciers are remnants of the Tunnel Stade, which
began about 1,000 years ago (Karlstrom, 1964). This was a minor
advanece that was confined to the higher mountain cirgues and did
not extend, except locally, more than half a mile bevond the head-
walls, The Tunnel Btade ended about 200 years ago. Since then
the glacier fronts have retreated to their present positions. The
large glaciers radiating from Iliamna Voleano are almost com-
pletely covered by ablation moraine, and a forest cover is starting
to grow on the terminal moraines, indicating no recent advance
of these glaciers.
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CONSTRUCTION MATERIALS

The following discussion is given mainly to indicate the types
and location of construction materials that are available in the
quadrangle. The primary objective of this study was not oriented
toward engineering studies, so that none of these materials were
tested for suitability in construction, except for some chemical
analyses of limestone that could be used in making cement (Det-
terman, 1969).

SAND AND GRAVEL

Deposits of sand and gravel are abundant throughout the area
west of the coastal mountains, A few deposits can be found in
recent alluvium along the larger streams in the mountains, mainly
the Iliamna, McNeil, and Paint Rivers. Beach deposits at Ursus
Cove and Amakdedori could also furnish an ample supply for
local use.

Abundant suitable material is present around Iliamna Lake in
beach ridge and terrace deposits and in the numerous outwash
plaing, pitted outwash, hanging deltas, outwash fans, and kame
terrace deposits throughout the entire western part of the quad-
rangle. Some of the beach deposits also contain 8 good supply of
clean sand without gravel,

The glaciofluvial outwash deposits are somewhat graded with
sand and pebbles near their outer margins. Coarser fractions
could be obtained from near the morainal contacts,

CRUSHED AGGREGATE

Most of the bedrock in the coastal mountaing could be used as a
source of crushed aggregate. The mountaing are mainly granitic
rocks that are fresh and unaltered. Early Jurassic voleanic rock
is available along the coast between Iniskin Bay and Bruin Bay.
Triassic limestone and greenstone is present at Ilismna and
Bruin Bays and north of Meadow Lake.

Inigkin Peninsula and the area bordering the shore of Kamishak
Bay is underlain by sedimentary rock that for the most part
would not make good crushed aggregate. Most of the western
part of the quadrangle is underlain by Tertiary voleanic rocks.
Basalt and andesite flows probably would make acceptable aggre~
gate, but most of the rocks are tuffs and brecciag that disinte-
grate readily,

The coarse fractions of the terrace and outwash deposits would
also be suitable for erushed aggregate. Most of the larger rocks in
these deposits are the more resgistant types in the mountaing, as
the less resistant varieties were pulverized by moving glaciers.
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LIGHTWEIGHT AGGREGATE

Pumice deposits on Augustine Island could be a valuable source
of lightweight aggregate to be used in making cement blocks and
other cement products for building construction. The deposits
were mined briefly for that purpose between 1946 and 1949, There
are many areas of nearly pure pumice on the island that could be
mined. Most of the rock is already in small fragments, under 2
inches, and would require little additional crushing. Moxham
(1951) briefly investigated some of the deposits,

Any mining operation on Augustine Island would need to use
the lagoon at the southwest side of the island: owing to recent
uplift, this would have to be dredged before it could be used.

LIMESTONE

Late Triassic limestone that could be used for the manufacture
of cement is available at Tliamna Bay and Bruin Bay. Analyses
of representative limestone samples are given in table 2. The
limestone at both places is at sea level and readily accessible,

Another large area of limestone is about 1 mile north of Meadow
Lake, Bamples of this vock were not analyzed, but in hand speci-
men it appears to be of betler grade than the rocks at either
Hiamna or Bruin Bays. In addition, two small areas of limestone
are present along the north shore of Tliamna Lake between Knut-
son Bay and Millits Point. The chemical properties of the rock
there are unknown.

CONSTRUCTION PROBLEMS

The quadrangle containg many good locations for all types of
building and road construction, but some areas should be avoided.
This brief discussion points out a few of the latter as a general
guideline for future development,

Permafrost does not constitute a major construction hazard
in the quadrangle, Tt is present loeally (p. A15) but only in small
swampy areas that would normally be avoided. Permafrost might
tend to form in the fine silt deposits along the outer margin of
outwash plaing, in the proglacial lake deposit, in lacustrine de.
posits, and in the swampy areas adjoining kettle ponds on mo-
raines, The loess overlying the oldest moraine may contain some
permafrost.

Some frost heaving is to be expected in this area, as in most
of Alaska. However, the climate is much milder than in the
interior of the State, and frost heaving much less severe. The
fine, poorly drained silts are again the most susceptible to heaving.

Landslides might be g problem in the mountainous areas along
the coast. The major slides of the past arve shown on plate 1.
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TapLg 2~—Anolyses of selected limestone samples from Thiamna and Bruin
Bays, Alaska

[Analysts: C. 0, Ingamells, M. J. Cremer, L. B, Beblocker, snd B, P, Fabbi. 80, 80, Ba0,
PsOs, FesUs, and total sulfur determined by X-ray fluorescence; soluble CaO determined by

stomic absorption spectroscopy; sl other determi by oh analysiz]
Sample
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=] = & < 5 8
& 2 2 % 8 z g ¢
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18 Sz LT 24 4788 34 Rt 5 7 4
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23 59 it | A&7 1 A3 00 06 0% 04
24 44 41 BB 5817 A 12 B3 A B3
25 39 16 1 BaEl 18 o7 02 02 A
26 698 210 174 4081 H2 LbE 04 17 S04
v
' 4
L 8§
Sumple 2
E 3 2
= % % & % k- % ] S
2 ] @ & il K B 2 3
b 31115 ¥ ———— 1.25 o804 0,04 891 0,12 16,57 9945 399 18,57
15 .. o L8 7 i 02 e 27.41 @8, 85,4 27.41
N 00 8 B4.42 100,00 41,6 B340
] b6 B N 40.50 1000 505 40.02
] 08 # 7 35,43 100.08 #5.3 34,90

B A 00 o 4.8 100,20 b4.9 42,67
i 4 B 08 81 #B.50 8.3 an.14
B4 B4 B B4 42,04 9992 531 41.98
04 A4 A4 42,71 D909 54,8 42.68
08 05 0% 7 3188 49,40 41.4 3L16

Glacial sour has oversteepened many of the mountainsides, mak-
ing them susceptible to sliding. In addition, the coastal areas have
heavy rainfall that keeps the rocks and debris saturated most of
the time, and increases the danger of sliding, The rocks in the
mountains are locally highly fractured, and roads should not be
constructed across such areas. The road belween Pile Bay and
Iliamna Bay is an example. Between Summit Lake and Williams-
port the road is constructed along a steep mountainside in frac.
tured intrusive rock, and slides are numerous.

Earthguakes are common in this part of Alaska, and ‘while no
major destruction resulted here from the 1964 earthqguake, they
should be considered in any future construction, A major landslide
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did occur at Tuxedni Bay, a few miles northeast of the quadrangle,
as a result of that earthquake. Because the Cook Inlet coastline
is rising in this part of the Alaska Peninsula, submergence of
facilities should not be a problem. Also, there are no deep fiords
that might penerate a submarine landslide. The greatest source
of difficulty in this respect is likely to be the effect of emergence
on marine facilities. The bays are mostly shallow, and a poorly
selected site would be rendered useless by a moderate amount of
uplift.

Roads and buildings econstructed on solid bedrock, or on any
of the numerous glacial moraines, outwash plains, and terraces
in the guadrangle should hold up well. The proglacial lake de-
posits should be avoided, as the water-saturated silt and clay would
react similarly to the Bootlegger Cove Clay at Anchorage (Miller
and Dobrovolny, 1959; Hansen, 1965). Areas bordering Iliamna
Lake below the high strandline are also locally underlain by simi-
lar clay deposits, These same conditions are present around other
large lakes in the quadrangles.
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